Introduction
Injection of depot medroxyprogesterone acetate (DMPA) is a highly effective reversible contraceptive independent of user's memory apart from remembering the 12-weekly injection. There have, however, been concerns for some years regarding the effect of DMPA on bone mass. This is intuitively reasonable given the subnormal levels of serum oestradiol typical of the early follicular phase often produced by this treatment. Low bone mineral density (BMD) associated with a low serum oestradiol observed in other premenopausal groups such as those with anorexia nervosa or amenorrhoeic athletes supports this concern. [1] [2] [3] Women aged under 40 years with amenorrhoea due to other causes such as primary ovarian failure, hypopituitarism, hyperprolactinaemia, and use of luteinising hormonereleasing hormone (LHRH) analogues have also been shown to have a reduced bone mass. [4] [5] [6] A study published in 1991 suggested a low bone mass was associated with DMPA users 7 but was subjected to some criticism because of being a cross-sectional design, containing a large number of smokers, and lacking oestradiol measurements and pretherapy BMD. 8 Some of the bone loss identified in this study appeared to be reversible from subsequent data published by the same group. 9 Other work has suggested anxiety about bone loss with DMPA may be unnecessary. 10, 11 Whether these varying results relate to different subgroups of patients on DMPA is unclear. It is possible that only those with the lowest levels of serum oestradiol on treatment are at risk. Concern raised by previous published work was reinforced from clinical experience of one of the authors (S P Singh) who found that many of her patients having Depo-Provera ® had symptoms similar to the peri-and postmenopause.
We report a study of a cohort of patients on DMPA from a single general practice who were found to have very low serum oestradiol levels, as this group should represent those at greatest risk of bone loss.
Methods
Injections of Depo-Provera ® (DMPA) were offered together with other methods as a first-line method of contraception to women aged 15-49 years in a single general practice from January 1994 to January 1999. A comprehensive personal, family and social history was noted and thorough counselling explaining possible side effects including hypooestrogenism was given. In all, 147 women were treated with Depo-Provera ® . Patients were injected at 11-12 week intervals, or more frequently if there was breakthrough bleeding (but not earlier than 6 weeks from the last injection). A record was kept of duration of treatment, number of injections, blood pressure, weight, side effects and patient satisfaction. Serum oestradiol was measured shortly before an injection after at least 2 years use. Information was acquired by questionnaire at the time of bone densitometry on risk factors for osteoporosis including use of oral steroids, personal history of fracture, use of steroids, smoking and family history in a first-degree relative.
In spite of DMPA being a convenient method of contraception, there was a discontinuation rate of 69% over 3 years' usage with the majority of patients stopping after 9-18 months due to side effects. Of the 147 women, 48 were still having DMPA after 2 years and had their serum oestradiol measured. Patients with a serum oestradiol <52 pmol/l (lower limit Medway laboratory range) (27 cases) or menopausal symptoms despite a higher oestradiol (five cases) were investigated with bone densitometry. Sixteen patients were not scanned, of whom nine had a serum oestradiol <52 pmol/l, of whom five had moved from the area, and four decided to discontinue treatment. A further seven patients had a serum oestradiol >100 pmol/l. BMD measurements were made at the lumbar spine (L1-L4) (LS) and femoral neck (FN) using a Hologic (Madison, WI, USA) QDR 4500C dual-energy x-ray absorptiometry (DEXA) device. BMD was measured within 3 months of referral and results were compared to the Hologic normal reference range at the LS and National Health and Nutrition Examination Survey (NHANES) three reference range at the FN. 12 These reference ranges have been acquired on large groups of normal randomly selected largely Caucasian women and are widely accepted and utilised. Height (Harpenden Stadeometer) and weight were measured when patients attended for their scan.
Data were described using the mean, standard deviation (SD) and 95% confidence intervals (CI). Associations of BMD and weight with family history of osteoporosis or tobacco smoking (current or past) were examined using Student's t-test. Pearson's correlation coefficient was calculated to examine the relationship between weight and BMD. All statistical calculations were performed using Microsoft Excel 1997.
Results
The 48 women who were DMPA users were all white Caucasians. Of the 16 patients not scanned, nine had a serum oestradiol <52 pmol/l and seven >100 pmol/l. The 32 whose serum oestradiol was <52 pmol/l or who had menopausal symptoms were aged 19-53 years (mean 34) with 11 patients aged 19-29 years, ten aged 30-39 years and 11 aged >40 years. The average weight of these women was 66.6 kg (SD 13.9, range 49-102) which was normal for the mean height of 163 (SD 6.6) cm 13 and signified a body mass index (BMI) of 25.1. The mean length of DMPA usage in these 32 women was 52 months (SD 22) . The results of the bone density measurements are given in Table 1 with T and Z scores to enable comparison with young adult and age-matched normal reference ranges, respectively. Both T and Z scores are below the mean with results at the LS an average of 1 SD below the normal young adult Caucasian reference mean. This corresponds to a reduction in bone mass of about 10%. At the FN a similar trend was observed, with measurements significantly reduced. The 95% CI were for the LS T score -1.41 to -0.75, FN T score -0.87 to -0.23, LS Z score -1.17 to -0.52 and FN Z score -0.62 to -0.02. Table 2 shows results of BMD, T and Z scores divided into age bands. Table 3 shows results for numbers of patients below certain cut-off T and Z scores.
There were three patients who were osteoporotic and one who was almost osteoporotic (T = -2.4) at the LS and based on the Hologic reference range no more than one patient would be expected by chance in 32 normal women of this age. The principal risk factors in this group of patients that may be expected to affect BMD were examined. Overall, of the 32 patients 13 were smokers, including ex-smokers or current smokers. Twelve patients had a family history of osteoporosis, which was considered positive in virtually all cases by the non-specific report of a loss of height with ageing in a first-degree relative. Of the three osteoporotic patients, two had a family history and these two were both smokers. Of the 15 spine osteopenic patients, six had a family history and six were smokers. Respective values for patients osteopenic at the hip were family history, four, and smoker, six. In the cohort one patient had a wrist fracture, and two were on add-back oestrogen at the time of scanning for less than 1 year. One patient who was osteopenic at LS and FN was on a modest dose of steroids, 2 mg/day of prednisolone, and was also a smoker.
Mean LS and FN T scores, Z scores and weight comparing those who were smokers or who had a family history (n = 20) versus those without such risk factors are shown in Table 4 . There was a trend to an association of Z scores with the presence of the above risk factors that almost achieved significance. Correlation coefficients for weight versus BMD, Z score and T score were at the LS r = 0.31 (p > 0.05), r = 0.27 (p > 0.05) and r = 0.31 (p > 0.05). Respective results at the FN were r = 0.42 (p < 0.05), r = 0.47 (p < 0.05) and r = 0.45 (p < 0.05). There was a non-significant trend to an association of weight with family history or smoking with mean weight for those with risk factors 63.6 kg (SD 15.0) and without risk factors 69.0 (SD 11.7) and 95% CI for difference -5.1 to 15.9. The weights of the different T and Z score groups are shown in Table 5 . Correlation coefficients from regression analysis for years of DMPA usage versus T score were r = 0.005 for LS and r = 0.02 for FN.
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Table 4 Spine and femoral neck T and Z scores, and weight in patients with and without a family history of osteoporosis or smoking
Measurement Family history
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Discussion
The present results are suggestive that long-term suppression of serum oestradiol due to use of injectable DMPA may be causally associated with low BMD, at least in a subgroup who were selected by virtue of particularly low oestradiol levels (<52 pmol/l) or the development of menopausal symptoms.
However, the present study, in common with most other work on this subject, is cross-sectional in design and pretreatment scans were not performed. It therefore remains possible that the reduced bone mass we observed was at least in part caused by pre-existing genetic or lifestyle factors intrinsic to the users of DMPA and not DMPA itself. As expected, those with a possible family history of osteoporosis or a history of tobacco smoking showed a trend to a lower bone mass. Family history was largely reported as height loss in a first-degree relative and in some individuals this may not necessarily represent true osteoporosis. The results are nevertheless compatible with the view that those with a family history of osteoporosis or who are smokers and who are users of DMPA are at particular risk of bone loss. It should be noted that those who continued DMPA may have had more risk factors for osteoporosis than those who did not and this could have increased the proportion of those with risk factors in the present study. For example, non-smokers who wished to discontinue DMPA because of side effects could have been more easily transferred to the oral contraceptive pill. The trend towards a lower weight in those with lower BMD which achieved significance at the FN suggests body mass is also an important risk factor for low bone mass. The trend to an association of the risk factors of family history and smoking with weight suggests they may be markers, in part, for low body mass.
The lack of a control group is another potential criticism. However, internationally recognised reference ranges were used that are widely accepted in the UK. With respect to the LS reference range there are several studies showing that the UK Caucasian population has a similar distribution of measurements to the Hologic normal reference range. 14 Some improvement in bone mass may occur following the cessation of therapy which would tend to reduce concern regarding impact of DMPA on bone mass. This is supported by the study of Cundy et al. in which there was a 3.4% rise in bone mass at the spine in the first year 9 after discontinuation. Obviously whether such improvements continue in subsequent years is unknown. Another study has shown no difference in the bone mass of postmenopausal women between previous users and never users. 15 However, whether bone mass improves after therapy cannot at present be assumed; and even if this does occur, on the evidence provided here some DMPA users, albeit a minority, are already osteoporotic and susceptible to low trauma fracture.
There are a number of studies supportive of the present work including a case control study from Brazil 16 examining spine and hip bone mass where the mean serum oestradiol among users was 56 pg/l. Further work from the New Zealand group reported significant osteopenia in a much larger series 17 and demonstrated bone loss following oral medroxyprogesterone. 18 Recent work in abstract form from this group has shown continued bone loss in long-term injectable DMPA users when followed by sequential axial BMD over 2 years. 19 Data on spine measurements have also been supported by a case control study of forearm measurements 50 DMPA users who had not used oral contraceptives for more than 5 months and were matched for age, weight and race 20 and a further recent large international study of DMPA users. 21 A cross-sectional study of younger women has shown more pronounced bone loss in 18-21-year-olds compared to older women, 22 and a study among adolescents has shown bone loss amongst users compared to an increase in bone mass among nonusers. 23 A recent cross-sectional study of 174 adolescents has shown declining BMD related to length of usage. 24 Some studies have failed to demonstrate an association of DMPA use with bone loss, such as the large study of 153 women by Gbolade et al. 10 This may be due to the inclusion of many patients whose oestradiol was not suppressed to usual postmenopausal levels and there were only 16 women with a serum oestradiol <50 pmol/l. Other work that has failed to show an association of DMPA use and bone loss has only examined the forearm, which is likely to be a less sensitive site than the spine due to a greater proportion of cortical bone. 11, 25 In conclusion, judging from the evidence of the present study based on all the users in a single general practice, 75% of DMPA users for 2 or more years will have very low oestradiol levels (<52 pmol/l) prior to their next injection, and of the latter (including those with menopausal symptoms and oestradiol <100 pmol/l) about 50% will have spinal osteopenia or osteoporosis. It may be that DMPA use acts as a marker for having a low bone density, even if the aetiology is complex and not all due to the contraceptive. The practical implications of these findings remain unclear, however, given the following: (1) The work was undertaken in a relatively poor urban setting and the findings may not be applicable outside of a similar general practice context. For abbreviations see Table 1 .
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